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(54) Composition containing . polymer and conductive tiller and thereof 



(57) A composition containing a polymeric matrix 
and a conductive filler component is provided. The con- 
ductive filler component comprises conductive particles 
and a polymer selected from the group consisting of sub- 
stituted and unsubstituted polyanillnes, substituted and 
unsubstituted polyparaphenylenevinylenes. substituted 
and unsubstituted polythiophenes, sii)stituted and 
unsubstituted polyazines. substituted and unsubstituted 
polyparaphenylenes. substituted and unsubstituted 
polyfuranes. substituted and unsubstituted polypyn-oles. 
substituted and unsubstituted polyselenophene. substi- 
tuted and unsubstituted poly^>phenylene sulfides and 
substiututed and unsubstituted polyacetylenes. and mix- 
tures thereof, and copolymers tfiereof. 

Compositions of the present Invention are useful as 
corrosion protecting layers for metal substrates, for elec- 
trostatic discharge protection, electromagnetic interfer- 
ence shielding, and as adhesives for Interconnect 
technology as alternatives to solder interconnections. 

In addition, films of polyanillnes are useful as corro- 
sion protecting layers writh or without the conductive 
metal particles. 
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Description 

Technical Field 



The present invention is concerned with polymeric compositons that are electrically conductive In n;,r«rut.r ih. 

nylene sulf des and polyacetylenes and mixtures thereof and copolymers made IromH^^!!^ P^V^he- 
polymers. Any of the abo.e polymers can be substituted or un2SS ^ 

Composrtions of the present Invention are especially useful as corrosion protecting layei^ for metal fiuhcfn.t«c , 



Background of Invention 
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9.«-,.»Mh«h«fc,lme,connM technology as r,pte=»»,stoJ^»^^ 

Ho»o«, mere are proWems associated with mis tMhuoloov Often hioh iLJL M , 

are susceptible to the presence of pollutants, notably chlorides and sulphur passn^tion. Both metals 

r«rtiln*'^o !f ^"^ ^ ^^^'^ a" uncommon situation for the electronic 

parts in operation), copper and silver dissolve from the more positive metallic part and nlatP at Z ™ nf^T^^ - 
asdendrftes. The fbrnation of dendrites can result in electrical shorts tterMSf^^^^^ "^^^ 

met^sTas oow'Z2*'™.^^ T'T ^'^^ """^ '^'^'"^ <^er more sta«e 

merais. such as gold or nickel. This is done by electroless or electroplating processes which add additional nrnr^c^ 

costs and pose potenfial environmental concerns, due to the chemical mLe-up o^e^SiZS^^ ^ 
Summary of Invention 

Z^ZZyV^Z::ZZ' group con^sfing of pofypa^phenylenevinylenet Sle^ pc^SX" 
'^T'^T^!^ ^ Polypyrroles, polyselenophene, polyparaphenylenes polyaceMeneL 

^sro,rr^r™^.ri'Snr.fs:zLr:^ 

In addition, the present invention is concerned with the use of the ahovp Hicrioc^^ 
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relatively inexpensive and environmentally safe method of orotectinn tha m«»«i * 
Summary of Drawing 

Rgure 1 provides polentiodynamic polarization curves for copper coated with differem materials. 
Best and Various Modes For Carrying Out Invention 

substituted and unsubstituted poly-p-phenyireSe1 sSL^^rir^ and unsubsbtuted polyparaphenylenes. 
unsubstltut^i polyselenophene'°s:*'sS:S "SitS'Z^y^^^^^^ ^ 

aTyS;:ri7raXTyJ^^^^^ 

preferred because they exhibit enhanc^ soLTanS^ocSTb^ ^"^"^ "^"""^ 

P^a^fhlSSeTlSir^^^^^^ 
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polyamline, »lierei> y has a ralue of 0 s m ih. .ij^ .TS- ^ emwaimert is einefaldine base forni of Ihe 
ooLcM^ of alMU I0-l4m-.™-? T.^ ^"T' *" '= " nonOopM form having a 
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^'^^'^ conducting form. The conductivity of the polyaniline can range from IQ-ioohm-icm-i 
(characteristic of the iMse and non<loped form) to at)out103ohm-icrn-i upon full doping 

The nng substituted polyaniline. and in particular, the ortho-ethoxy derivatives, and ortho propyl derivatives ochlbtt 
apprecHljjy greater solubility than the unsubsBtuted ones. " wmo propyl aenvaiives exhibit 

acKf solutions. Examples of organic solvents are dimethyl-suHoxide (DMSO). dimthytformamide mMnTnJ N m»^^^ 
and 60-88% formic acid. This list is exenplary only and not limiting 

Prefaisa poUsiWIne oompounds In me present Invention are etnoxy derivatives, represented by the loltoaiino: 



R=OCHpH, 



HA 



R=OCH,CH, 
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i^MM? '^H » polyaniline in the non^oped form (base) can be readily dissolved to a 10% by weight solution 
n NMP and spun at various rpms to form films of different thicknesses (1 84.339 and 477 nm. respeSeT) S^Vom 
^!^rTZ>^JlI ^ Even the thinnest film behaves as a perfect b^rie to' oxyTen 

2^^cS?^?e^emS^^^^^^^ 

nL Ttk °* Silver and platinum) and ambient atmosphere (air 

andnitrogerO^Thecurrentisdiffusionlimrtedandmostli 

t«c^one. The anodic current, metal dissolution, is in all cases greatly reduced by a ^r which J^reasS^Sm 
hickn^. The protection is substantial, in particular at high potentials, where Cu dssolutton SiS slLTdJ^^^ 
lution) IS about4 oitlers of magnitude lower than measured on unprotected metals 

r,r.t ^i?' substituted polyaniline spin-doped with acid HA such as hydrochloric acid can be prepared bv 

first sp.n<x)at.ng of the polymer in ttie non-conducting form, and subsequently dopino such as bv dt.ninniffa^,!« 

J,r^! u •'*^"''°^°"Pf°'«*°"'"imilartothafofferedbynon-dopedettiQxy<x^^ excert 

for fr,e measur^^rt of the oxygen reductton rate. Apparentiy. as the polymer's conducting, it iS^Ta S^e^ 
elec^ons needed for oxygen reduction. The protection of the film is excellent espedally at J^cl^riL?^^ 
Exarrples of another substituted polyaniline is ortho-ptopyl polyaniline Potentials. 



EP0717418A2 



layer on a metal substrate. The polyanilines are preferably employed In their cLu^^ ^^tom """^"^ 
Examples of suitable polythlophenes are represented by the following formula: 



to 
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wherein each R2 ,s H or any organic or inorganic radical; wheran t e 1 and preferably wherein at least one R2 is nnt u 
Polyparaphenylenevinylenes useful to practice the present invention ha^ generi for^S SL?^n ich R3 1^^^^ 1 
any agan.c or inorganic radical, and wherein sal. Each R3 can be the same or differenr 



25 



-.c=c-/Qyc=e-- 
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Pdy^ines useful to practice the present Invention have general formula wherein Rio is H 



or an organic or inorganic 
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[CR10 = N . N CR10 ]„ wherein n 2 1 

Polyfurans useful to practice the present invention have general formula, wherein Z g 1 
radical, and each R4 can be the same or different: 



and each is H or any organic 
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so FJIypyrroles which are useful to practice the present invention have general formula wherein w a l each Rs is h 
afry organic or inorganic radicals: wherein each one Rs can be the same or differeUtf « ^ ^ ■ each ^ "s H 



or 
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Polyselenophene useful to practice the present invention have general formula, wherein v * 1 and each R6 Is H 
organic or inorganic radical and whprein each R6 can be the same or different: ^ * ^"^ « » 



or any 
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R* R6 




ss 



30 



between adjacent constituents: » L «" * ^ Q^ Q2Q3 can be a vinylene group or a direct bond 
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Poly-piDhenylene sulfides useful to practice the present Invention are renrpcontor^ kw th^ ■ 
^ w^e,.™ ,s H 0, cranio o, ^ aZTr^'SCT^lm, a'Sr °™' 
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Thecondurtvepartidescanbeprecoated with the aboveoonducting^^ 
matnx. In the alternative, the above conducting polymer and conductive partldes can be sepaS^radm,x^S 
polymerK: matnx. The blending can be carried out by dlspei^ion or more pTeferably. by Sing 

5 amounts of conductive parbdes are needed to obtain a given conductivity. fJ"<ymeric matrix, lower 

0.1 to about 5 microns thidt. and preferably about 0.15 to about 2.5 microns tf^dt ^ 
The partldes can be solution coated. 

The composition of the matrix polymer, the conducting polymer and the conducting particles is as follows- The 
conducting polymer is typically employed in amounts of 0.3 to about 90 and preferablv about 0 5 n »L^f/^ K • \1 

The amount of conducting particles is typically about 40% to about 95% by weight preferawntout 75 to about 
The compositions of the present invention when used as a corrosion prevention layer are tvoicallv Pmni™,«H 

The compositions of the present invention are useful as electromaonetic interferenrp /fmh nr^^r...^ ^^^m- . ^ 

mowed plastics and the lika To reduce the susceptibility of the electronic components comained v^imSvIie hS^na to 
^ ^Z!^ • '^''^ can be coated With the conpStions of ^htprSenS^cT 

The fbllowing non-limitng examples are presented to further illustrate the present inventon: 

30 Example 1 - Preparation of Polyanllines 

hvdrSn!?^""'"'^'^ "'"P"** "'^'^^'^^ polymerization of aniline in aqueous/1 normal 

f^lT?lT """^ TT"" P"'^""'' '=°"^"^'"9 P°'y=""'"« hydrochloride sa! is ii^ 

35 NH40H Thp K^rr- '° ^« P°'y«"'«"« bas^ fe'-" (non.X)nduJting) by reacting wi^OlM 

.«h.t^Vnif poiyaniline derivatives were prepared by the oxidative polymerization of the appropriate rino-sub- 
b^powderheterogeneouslywithlnormalaqueoustoluenesuto^^^ 

of ethoxy-polyaniline base in NMP or gamma-butyrdadone with toluenesulfbnic acid reacting a sdution 

Alternatively, o-phenetidine can be polymerized in the presence of aqueous 1 nomal toluene sulfonic arin inc»«aH 
45 of hydrodiloric add to yield the conducting efhoxy poiyaniline tosylate 

weigm%ToMLT"'""' '''^^ 
Example 2 - Preparation of Coated Silver Particles 

strred in the conductng solution. The partldes were then filtered and dried under vacuum 
Exanple 3 - Preparation of Conductive Composition 

sud,\?^^I^S.E5,lTf "^"^"^^ ""^^ °^ ^^P^^ 2 with the host polymer 

dS.St£*!f^r ^ «P»^0P"a«e solvent system, sud, as xylene. The solvent is dwsen so «S to 

dissolve the pdyaniline. The materials are blended by a dispersion technique or high shear mixing * ^ ^ 
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Exanrple 4 - Blending of a Host Polymer and Polyaniline and Metal Rllers 

, J° ^mT f polymethylmethacrylate in gamma-butrolactone was added a gamma-butrolactone 

solut-on of the ethoxy polyan.l,ne tosylate. TTie two polymers mixed well To the polymer blend solution were a^ed S 
partcles. by d.spers.on mixing. The resulting mixture was used to spin-coat conducting coatn^ ^e i^^^^^ 
be processed by conventional means to fabricate conducting films or corrposites sultaWe for the uses dT^^iSl^ 

Example 5 

' usesanelectrochemicaltechnique 
Evaluation of the corrosion rate by electrochemical techniques is direct and precise, but rrat readily applicable to condi 
SnLi of"S^ corrosion^Tests were conducted in a miniature cell, that v«s designed in an ane^ t^ bndge^e 
^^Mp tSI^T "^J^"^"^ ^ ^'^"^ ""der a thin iTyer of an elei 

The setHLjpronsisls of the sample (vra^ 
(counter etectrode) jnd a mercurous sulfate electrode (reference electrode). vSh a fift^er dskTe^arati^l eSS 

ack. and the working area, covered with a tightly fitted filter paper and a flat Pt mesh, was maneuver^ TnTa^erT 
/ r„"J1 ^Z^'^^P^^'^^ and a rigidly held Beckmann fitting. The inner diameter of the In^^atT^^ 
^ T^J^ "^'^ area that has a diameter of 6.4 mm. The sample th^ «S 

^ ^ * ^ ^^"^'^'^^ ^^'^ ^9^"^ second filter disk was an EppenSrf aS fte 

eference electrode was positioned over the sample using the fitting as a holder. A typical dr^elS vSf ^0 uj D^e 
to small d^tances between the electrodes, the ohmic resistance in the cell was rel^ely smafl evw tSh el« t Ss 
such as de.on.zed and tripleKlistilled water. As the ohmic resistance of the cell was only a^sJiTnle f .r^sSSs 

measuremerrt. insignificant errors in the evaluation of corrosion rates are introduced^Tproo^Jure w^^^^ 
thecorros.onpotenfial1brabout15minutesandperiodicaNymeasur^ 

1 '2^^°'"'^^ corrosion potemial at 1 m V/s. The corrosion rate was calculated using ttieESs^S^^ 
software by AG&G Princeton Applied Research. The potentiodynamte polarization «JarTt^^^^ 
oMnW/s from OJS V cathodic of the c»rro^on potential. The ^rosi^mte was ^Si^by a^ ^^on Jt 
cathodK: and anodic currents to the corrosion potential. wwapoianon or me 

Excellent corrosion prrtection has been measured with unsubstifuted. undoped polyaniline base. Hgure 1 (curve 

is 1^ toThm-W^ ^^^''^.'^'^r «"dt«^a«erspin<.ryingat80-r for4 minute. iLonduS^^ 
.s low. 10 iOohm 1cm 1 . and thermal stab.lrty is up to > 400-C. The film adheres well to the metal surface and aS as 
atemer to a^l corros.on reacHons. f^entiodynamic current-potential curve looks similar to one obtain^ o^unpr^^tS 

mat the Um also affects exodus of copper ions. i.e.. the anodic reaction 

11 o !^ . • '^^^^^^^'y)- T^^e ai-e very homogenous and well adherent. Even the thinnest film behaved 
as a perfect barner to oxygen, as electrochemical data show no current normally attributable to oxygenTeduJtion^ 
measured current of about 2x1 0'^ A/cm^ is ind^ndent of film thickness t^? m^^S^^Te^ IJd 

511?^ t '^"^ °' *^ ^""^ ^"^"^^ cu^ent. metal dissolution is in al^SS 

greatly reduced by a factor which increases with film thickness. The protection is substartial in S^^^^^ 

ZoCi metar'"^'" ' '^'^ ^ magni^ereTS!::,mrS^^^^^^^ 

EtJ)xysub^itmedpdyaniline doped with hydrochloric^^^ 
10 |bhm icm 1. »scorros.onprotect.onissimilartotheoneofferedbythenon<lopedethoxysx5lyanilinebase^^^^ 
?J^^nd r^tSd"'"^"" """"^ ^'^'ally at a Jfc potentials.^ 
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Water Drop Test II: 

A drop of water is placed across adjacent metal leads. A potential of 5V is then aooliPd armce r 

Test vehicle for measurement: 
Test vehicle: Cu lines applied by evaporation on .5 m Si02 coated wafers. Copper line patterns include- n Kno 
8 mils spacing-16 mils 2) line width-6 miles spacing 12 mils. ^ 

'0 Bare Copper (Cu) 

Results are as follows: 
15 3 repeated test measurements: 

16 mils spacings-H45 seconds, 48 sees. 51 sees for dendrites to form 
12 mils spaangs--39 seconds. 42 sees. 40 sees for dendrite to form 
Copper Unes Treated with Benzotriarde (BTA) Solution 

Copper was dipped in 1.5%acetic acid, rinsed with Dl water; while the copper was still wet it is dioopd in miwi„ r 
KOH so^^ion (pH - 10) for 10 minutes. This results in formation of Cu2??S2 nm thS) ^^^^ 

"Ut^""' " ''T '"^^ ^ ^^-^ ^° '"'""'^^ (1 BTA/1 liter HSs^and i^*" ' 

dropTerS^XSi'S^AT^^^^^ 
25 EtfiQxy polyaniline (base or nonconducting form) 

A 1 0% weight solution in NMP of the ethoxv Dolvanlllne base uupc , ,eoH « * i 

Water Drop Test After 220oC/30 Minutes Storage 

(watX^es?)."'" ^ et^-y-Po'yanaine film d« not form any dendrite, even after 30 minutes 

Temperature and Humidity Test (BS-C. 80% relative hurnidity) 

The 5159 A thickfilm of the ethoxy non-doped polyaniline base coated silver and copper surfaces were test^H ..nHor 

mira-ST^m^slS^B? ' 
Temperature^umidity/Bias Voltage Test 
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2 liniSTi! TTa """^T^^ ^ ^'^'^ "^SS^^ ♦'^e isolation resistance reading between the 

Ethoxy Polyan,l.ne Doped With Hydrochloric Acid (more highly conducting Form of Polymer 

' — (:;::r:;o^r^^^^^^^ 
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Claims 



1. Acomposition comprising a thermoset or thermoplastic polymeric matrix, and a conductive filler cortponent wherein 
said filler component comprises at least one conducting polymer selected from the group consisting of substituted 
and ureubstituted polyparaphenylenevinylenes. substituted and unsubstituted polyanilines. substftuted ara unsub- 
sfttuted polyazines. substituted and unsubstituted polytWophenes. substituted and unsubstituted polyparaDhen- 
ylenes. substituted and unsubstrtuted poly-p-phenylene sulfides, substituted and unsubstituted polyfuianes 
substtuted and unsubstituted polypyrroles. substituted and unsubstituted potyselenophene. substituted arid unsub^ 
sttuted polyacetylenes and mixtures thereof; and copolymers thereof; and conductive particles. 

^' r^.^ir^^'*!^" °^ "^^"^ ^ conducting polymer is about 0.3 to about 90% by weight of 

the total of said polymeric matrix. ' " 

3. The a)nposition of claims 1 to 2 wherein the amount of conductive particles is about 40 to about 95% by weiaht 
based upon the total of said conducting polymer and said polymeric matrix. 

4. ThecomFositlonof anyof theprecedingdalms 1 to 3 wherein said polymeric matrix comprises at least one polymer 

selectedfromthegroupconsisting of polyepoxides. polyacrylates,polysiloxanes and polyimides. polymer 
polyurethanes. polyolefins. and polyamides. »u awywies, 

5. The composition of any of the preceding claims 1 to 4 wherein said particles are sliver or copper. 

6. The composition of any of the preceding claims 1 to 4 wherein said conductive particles are precoated with said 
conductng polymer. 

^' IlbXS^ JirtliTO^ ^'^^"^ ^ ^ ® ^ * polyanmne. comprising an alkoxy 

8. The composition of any of the preceding claims 1 to 7. wherein said conposHion is in the torm of a paste. 

^ Pf^nQ claims 1 to 8 wherein said conducting polymer has conductivity of about 
10 I0ohm 1cm itoabout108ohm-icm-i. lyuioouui 

10. Acomposite comprising a metal substrate, wherein said metal cooprises copper or silver and as a corrosion pro- 
tecting teyer on at least one major surface of said substrate, a composition according to any one of the preceding 
clams 1 to 9, or a layer d a polyaniline. comprising an alkoxy pdyaniline or an ethoxy polyanilina 

11. A method tor providing electrostatic discharge protection or eledromagnetic interference shielding by applying the 
composition of any of the preceding claims 1 to 9. /«»wy"iyuie 
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